Abstract: Congenital periventricular pseudocysts are found in about 1-5% of neonates. These pseudocysts originate from the persistence of the germinal matrix and have a good prognosis, disappearing in the first months. Periventricular pseudocysts are rarely detected in the fetus. We describe a case of prenatal detection of periventricular pseudocysts by prenatal transvaginal ultrasound and a three-dimensional technique. Prenatal ultrasound showed partial regression of the pseudocysts. At postnatal ultrasound, the complete disappearance of the pseudocysts was detected.
Introduction
Periventricular pseudocysts are detected by ultrasound in the first days of life in about 1-5% of term and preterm newborns, and are suggested to have a prenatal origin [1, 5] . They do not have a proper cystic wall, and their origin from cystic regression of the germinal matrix has been suggested, hence the name subependimal pseudocysts. Pseudocysts may be either monolateral or bilateral and are located in the proximity of the lateral wall of the caudate nucleus, or in the caudothalamic groove. Isolated pseudocysts have a good prognosis and outcome [3] . In contrast to the high frequency of detection in the neonatal period, prenatal identification of these formations is rare [4, 8] .
We report a case of prenatal ultrasound detection of periventricular pseudocysts at 28 weeks plus 4 days and its follow-up. Transabdominal ultrasound was not able to detect the pseudocysts, while transvaginal ultrasound, carried out in order to perform a fetal neuroscan, allowed the detection of the pseudocysts. Transvaginal three-dimensional ultrasound and analysis of obtained volumes allowed for the mapping of the location of the pseudocysts in respect to the wall of the cerebral ventricular horns, and gave crucial insights into the prenatal diagnosis and prognosis. Magnetic resonance imaging (MRI) confirmed the diagnosis. Prenatal ultrasound showed partial regression, and postnatal ultrasound evidentiate the complete disappearance of the pseudocysts.
Case presentation
A 35-year-old woman in her first pregnancy had two uneventful ultrasound routine examinations at 12 and 22 weeks. At 28 weeks plus 4 days, she was referred to our unit because of persistent positivity of immunoglobulins M and G against cytomegalovirus (CMV) during pregnancy. Because of the titer stability of immunoglobulins M and G and the high avidity of immunoglobulin G since the early weeks, an infection contracted during pregnancy was considered unlikely. A careful examination of fetal anatomy by transabdominal ultrasound was performed. Fetal transabdominal ultrasound showed normal growth and anatomy. Because of the position being cephalic and the clinical indication, the specific examination of the fetal brain (neuroscan) was performed by transvaginal sonography. By transvaginal bidimensional ultrasound, bilateral tear-shaped cystic structures were detected adjacent to the side wall of the anterior horns of the cerebral ventricles ( Figure 1 ), whose presence was not suspected in the previous transabdominal examination. Through a more detailed study, conducted by sweeping the head volume obtained by three-dimensional ultrasound, the bilaterally symmetrical cystic structures, located in the caudothalamic groove, showed a thin echogenic wall, and were oval-shaped with a maximum diameter of 14 mm and a depth of 5 mm. Some thin septa were present inside the structures, which identified three chambers for each side ( Figure 1 ).
The location of the pseudocysts on axial scans was below the outer edge of the lateral ventricles ( Figure 2 ). The lateral ventricles were symmetrical and of normal size and shape. Other structures, such as orbits, corpus callosum, septum pellucidum, ventricles, thalami, pons, cerebellar vermis, and posterior fossa, were confirmed.
To further study the intracranial anatomy, an MRI was scheduled. MRI at 29 weeks plus 1 day confirmed, by the finding of a hypersignal in T2, the presence of cystic areas located bilaterally at the frontal periventricular germinal matrix zone, larger on the left (12 mm vs. 7 mm), with no restriction on diffusion-weighted imaging. The ventricular complex was within normal limits (Figure 3) .
At 29 weeks plus 2 days, on maternal request, an amniocentesis was performed for karyotype analysis and the presence of CMV DNA was evaluated by quantitative polymerase chain reaction. A normal male (46, XY) karyotype was found, and the search for CMV DNA in the amniotic fluid was negative.
Two subsequent fetal neuroscans, by transvaginal bidimensional and three-dimensional probes, were performed at 32 weeks plus 2 days and 35 weeks plus 2 days, showing the persistence of the periventricular pseudocysts. Their dimension was slightly smaller at 32 weeks plus 2 days (maximum diameter, 10 mm) and substantially reduced (around 6 mm) at 35 weeks plus 2 days. A 3750-g male baby was spontaneously delivered at 40 weeks plus 1 day. Neurological examination of the newborn gave normal results, and postnatal transfontanellar ultrasound did not detect the presence of periventricular cysts. The outcome at 3 months was uneventful as well.
Discussion
The present study shows a case of prenatal detection of isolated bilateral periventricular pseudocysts at 28 weeks plus 4 days, and its evolution in utero during the third trimester. Prenatal ultrasound showed partial regression and postnatal ultrasound demonstrated the complete disappearance of the pseudocysts. The neonatal outcome was good. Periventricular brain cysts are a relatively common finding in both term and preterm infants, with a frequency ranging between 1% and 5% of all cases, and their origin is assumed to be prenatal [1, 5] . Due to the lack of a true epithelial lining and because they are surrounded by germinal cells and glial tissue, they are called pseudocysts. Typical and isolated pseudocysts are oval shaped, multilocular, bilateral, and symmetrical, located on the side wall of the frontal horns of the lateral ventricles along the caudothalamic groove. Moreover, while in periventricular leukomalacia the location of cysts is usually above the angle of the outer edge of the lateral ventricles in the coronal plane, typical isolated pseudocysts are located below this angle owing to degeneration of the corona radiata and the semioval center [1, 6] . Transvaginal ultrasound allowed the detection of the pseudocysts. The shape (oval, tear-shaped) and location (below the angle of the lateral ventricles) of the pseudocysts, assessed by means of transvaginal three-dimensional ultrasound, were crucial in confirming the diagnosis. Prenatal MRI confirmed the ultrasound findings.
The pathogenesis of typical isolated pseudocysts is still uncertain; however, they most likely arise from the cystic degeneration of the germinal matrix, subject to minor insults and not to bleeding. Typical pseudocysts regress after birth in most cases, and have a good prognosis in both prenatal and postnatal diagnosis [3, 6] . In contrast, other atypical non-isolated pseudocysts may originate by cerebral bleeding, viral infections, chromosomal abnormalities (Del q6 or Del p4), toxic substance consumption by the mother, or some metabolic diseases. They have a different prognosis, depending on the causative factor [2] . Moreover, the position of the pseudocyst in respect to the wall of the lateral cerebral ventricle has been suggested to indicate the likely period of their formation. Pseudocysts originating before 28 weeks' gestation are in fact located around the frontal and temporal horns where the germinal matrix is represented up to 28 weeks. However, those located closer to the ventricular wall, in the caudothalamic sulcus, may form at any time during pregnancy, as the germinal matrix is represented there until 34-35 weeks [1] . Our pseudocysts were located near the caudothalamic wall, and the period of their onset remained uncertain.
High-frequency transvaginal neuroscan showed normal cerebral anatomy, suggesting that the pseudocysts in our case were an isolated finding. The MRI did not add crucial details to the three-dimensional transvaginal ultrasound study, but confirmed the integrity of brain structures [7] .
The issue of the uncommon prenatal detection of such pseudocysts as compared with the higher frequency of postnatal diagnosis still remains. It has been attributed to the low resolution of obstetrical transabdominal ultrasound, which is usually performed for other purposes besides fetal neuroanatomy survey, or to a general lack of knowledge of the subject by gynecologists [8] . In our case, the transvaginal neuroscan performed because of the clinical indication was essential for the detection of the pseudocysts. We observed the prenatal regression of pseudocysts, their complete postnatal disappearance, and the good outcome. This case further confirms that patients can be assured of good prognosis and outcome when the diagnosis is periventricular isolated pseudocysts.
Take home messages
Isolated pseudocysts are a rare finding in the fetus. Isolated pseudocysts have good prognosis and outcome. Transvaginal ultrasound has a better resolution than transabdominal ultrasound for detection of pseudocysts. Three-dimensional transvaginal ultrasound was crucial for diagnosis.
